The Parkinson's disease-associated protein a-synuclein (aSN) is natively unfolded but its structure can be modulated by membranes and surfactants. The opportunistic pathogen Pseudomonas aeruginosa (PA) produces and secretes the biosurfactant rhamnolipid (RL) which modulates bacterial biofilm. Here, we show that monomeric RL enhances the ability of aSN to permeabilize membranes, while micellar RL rapidly induces protein b-sheet structure with a worm-like fibrillary appearance, which cannot seed RL-free fibrillation but transforms into linear fibrils faster than aSN fibrillating on its own. Exposure to aSN reduces the degree of biofilm formation by PA unless RL is present. Our data suggest that RL interactions with aSN may affect both aSN aggregation and cell toxicity, potentially implicating microbiomic metabolites in the origin and propagation of Parkinson's disease.
polymorphonuclear leukocytes of the human immune system [13] . In cystic fibrosis patients infected with PA, [RL] range from 8 lgÁmL À1 (0.012 mM) in sputum [14] to 65 lgÁmL À1 (~0.1 mM) in lung secretions [15] . RLs may also impact directly on the proteins they encounter. Although bovine serum albumin (BSA) binds 1-2 RL without undergoing denaturation [16] , RL denatures globular proteins such as a-lactalbumin and myoglobin [17] , makes host defense proteins like lysozyme susceptible to proteolysis, yet fold and stabilize outer membrane proteins from gramnegative bacteria [18] . While [RL] in the gastrointestinal tract [19] remains unknown, RL may also affect proteins in this environment. We report on the impact of RL on the aggregative behavior of the 140-residue protein a-synuclein (aSN), whose self-association is closely linked to the development of Parkinson's Disease (PD) [20] . Although PD is a disease of the brain, there is growing evidence for a two-way gut-brain transport system mediated by the vagal nerve. Thus, recombinant expression of human aSN in the vagal nerve via adeno-associated viral vectors (AAVs) leads to accumulation of aSN both in the brain and nerve endings in the gastric wall, while AAV-based expression in the brain directs aSN to different preganglionic vagal nerve endings in the stomach wall [21] . Actual aSN nucleation and aggregation may initiate in enteric neurons in the gut [22] , since PD is associated with parasympathetic denervation [23] . After injection into the intestinal wall, aggregated aSN is taken up and retrogradely transported via the vagal nerve from the intestine to the brain [24] , and full truncal vagotomy correlates with a reduced risk of PD [25] . Patients with early PD manifest increased intestinal permeability, bacterial invasion and high levels of inflammatory cytokines in the gastro-intestinal tract [26] . This prompted us to investigate RLs' ability to promote aSN aggregation. As a natively unfolded monomer [27] , aSN undergoes major changes in connection with both self-association [28] and binding to anionic phospholipid vesicles [29, 30] or synthetic anionic surfactants like SDS [31] . The negatively charged micellar or vesicular surface allows aSN to assemble in a confined space, increasing local concentration and facilitating aggregation. We reasoned that RL micelles might have a similar effect due to their negative charge and that RL secreted from Pseudomonas during colonization of the gastrointestinal tract could play a role in this process. We show that low micellar amounts of RL strongly stimulate aSN aggregation, leading to fibrillation kinetics complete within an hour without any lag time. The resulting fibrils are worm-like rather than linear but are able to rearrange to classical straight fibrils within 7 days, significantly faster than fibrillation of RL-free quiescent aSN. aSN reduces biofilm formation by Pseudomonas unless RL is present, suggesting that pacification of otherwise disruptive aSN through RL-induced fibrillation can protect Pseudomonas. Protein purification and preparation aSN was purified as described [32, 33] . Lyophilized aSN was dissolved in PBS buffer, centrifuged at 2500 g for 5 min and the concentration in the supernatant determined using e 280 = 0.412 mL mg À1 cm À1 [34] . 
Materials and methods

Materials
Determination of the critical micelle concentration
The critical micelle concentration (cmc) of RL in PBS buffer was determined by pyrene fluorescence [35] which is environment-sensitive so the ratio between the intensities of two emission peaks at 372.5 (I 1 ) and 383.5 nm (I 3 ) changes as pyrene partitions into surfactant micelles [36] . After equilibration for 30 min, pyrene from a 100 lM stock in ethanol was diluted 100-fold into 0-2 mM RL with or without 20 lM aSN. Fluorescence scans were recorded on an LS-55 luminescence spectrometer (Perkin-Elmer, Waltham, MA, USA), using an excitation wavelength of 335 nm, emission from 360 to 410 nm and excitation/emission slits of 5/2.5 nm.
Fibrillation kinetics
Fluorescence of 20 lM aSN with 40 lM ThT and 0-20 mM was followed on a Cary Eclipse Fluorescence Spectrophotometer (Agilent, Santa Clara, CA, USA) at 37°C using excitation at 448 nm, emission at 485 nm and slits of 5 nm. Background contributions from 40 lM ThT alone were subtracted. To determine the amount of aggregated aSN at a given time point, the solution was spun at 15 min at 21 000 g, after which the supernatant was run on SDS/PAGE. Monomer aSN band intensity was quantified by densitometric scanning using ImageJ, normalized using a control sample of monomeric aSN of the same concentration and subtracted from 100% to obtain the percentage aggregated (insoluble) aSN. Seeding experiments were carried out using agitation-induced fibrils (20 lM aSN, 200 rpm agitation at 37°C for 48 h) and RL-induced fibrils (20 lM aSN, 0.5 mM RL at 37°C for 2 h). Fibrillated samples were sonicated with a 1/16″ sonicator tip (Qsonica, Newtown, CT, USA) using a 5/5 on/off cycle of 20% intensity for 1 min to form short seeds. The seeds were diluted 20-fold with 20 lM aSN to 25 lM RL and aggregation was monitored by ThT fluorescence.
Stopped-flow
Data were acquired on an SX18MV microreaction analyzer (Applied Photophysics, Surrey, UK). 22 lM aSN in PBS buffer with 44 lM ThT were mixed in a 10 : 1 volume ratio with 5.5 mM RL in PBS buffer to 20 lM aSN, 40 lM ThT, and 0.5 mM RL. ThT fluorescence was followed by excitation at 450 nm and a cut-off filter of 475 nm. Absorbance (turbidity) was followed at 360 nm.
Far-UV circular dichroism
Spectra were recorded on a Jasco J-810 spectropolarimeter (Jasco Inc., Easton, MD, USA) equipped with a Jasco PTC-423S temperature control unit. Far-UV CD scans were recorded over 200-250 nm with a bandwidth of 2 nm, a scanning speed of 50 nmÁmin À1 and a response of 2 seconds using a 0.1 mm quartz cuvette.
Calcein release
Calcein-filled vesicles were prepared as described [37] . Calcein release was measured by mixing 0 or 20 lM aSN with 0-0.2 mM RL in 148 lL with 2 lL of calcein vesicles. Fluorescence was measured on a Varioskan Flash fluorimeter Thermo Fisher Scientific, Waltham, MA, USA) with excitation at 495 nm and emission at 515 nm, 5 nm bandwith, 100 ms measurement using top optics with autorange. After 40 min, 1 lL 1% Triton X-100 was added to each well to lyse the vesicles completely, and the fluorescence was allowed to stabilize over 10 min. Calcein release was calculated as described [37] .
Transmission electron microscopy
This was carried out as described [34] .
Crystal violet biofilm assay
We used the P. aeruginosa wild-type strain PAO1 and an isogenic rhlA mutant [10] . Biofilm formation was quantified using crystal violet: A culture was set up with a single P. aeruginosa colony transferred to 20 mL LB medium and incubated O/N at 25°C. The medium was diluted to OD 0.5 and transferred to a 96 well flat bottomed plate (Nunc, Roskilde, Denmark) and a peg lid (Nunc-Tsp, Roskilde Denmark) was placed on the plate for 30 min to inoculate the pegs. The peg lid was then transferred to a 96 well plate with fresh medium and 0-1 mgÁmL À1 aSN and grown for 24 h at 25°C. The peg lid was removed and dried for 1 h at room temperature and transferred to a 0.5% solution of crystal violet and incubated for 15 min. The peg lid was gently washed in MilliQ water before transferring to a 96 well plate with 96% ethanol to release bound crystal violet. The peg lid was removed and the amount of crystal violet in each well was measured by absorption at 585 nm.
Results
aSN interacts with monomeric RL
Proteins may interact with both monomeric and micellar surfactant, and this makes it very important to have an exact value for RL cmc under given experimental conditions. We determined the cmc of RL in PBS buffer using pyrene fluorescence ( Fig. 1) . No significant change in the emission peak ratio I 3 /I 1 was observed between 0 and 0.1 mM RL. Between 0.1 and 1 mM RL, the I 3 /I 1 ratio increases from~0.6 to 1, indicating solubilization of pyrene into a growing number of RL micelles, after which the ratio stabilized. Since micelles start to form around 0.1 mM RL, we conclude that its cmc is 0.1 mM, comparable to published values [17] . Even without RL, 20 mM aSN increased the I 3 /I 1 ratio from 0.60 to 0.63, suggesting a weak interaction between aSN and pyrene. I 3 /I 1 started to increase immediately above 0 mM RL, in contrast to the baseline up to 0.1 mM RL without aSN (Fig. 1) , and reached a plateau already around 0.2 mM RL, after which it only increased slightly up to 1 mM. This aSNinduced change in the pyrene fluorescence profile clearly demonstrates interactions between aSN and RL below the cmc. Similar observations for aSN and SDS [31] are interpreted to indicate formation of small clusters of SDS on each aSN chain.
RL micelles but not RL monomers induce aSN fibrillation
aSN fibrillates in the presence of anionic lipid vesicles [30] and in SDS at detergent concentrations below bulk cmc but sufficiently high to induce formation of shared micelles [31] . Unlike aSN in buffer, surfactants and lipids do not require sample agitation to induce rapid aSN fibrillation [38] . We used the fluorescent probe ThT to investigate possible fibrillation of aSN in the presence of RL without agitation. Below 0.1 mM of RL (when there are no bulk micelles in solution though RL clusters may start to form on aSN), there was no development in ThT fluorescence within 4 h. However, above 0.1 mM RL, when micelles start to form in solution, ThT fluorescence increased linearly over time without a lag-phase ( Fig. 2A) . In contrast a lag phase of ca. 45 min is observed when aSN fibrillates in SDS [31] . Between 0.1 and 0.5 mM RL, both the slope (initial rate) of ThT signal growth and the end plateau level increased with [RL], reaching a maximum around 0.5 mM RL. The end plateau level is slightly shifted to higher [RL] compared to the slope (Fig 2B) . Above 0.5 mM RL, both slope and end plateau level decrease with increasing [RL] (Fig. 2C ), and at 20 mM RL the values had decreased to levels comparable to those at very low [RL] . The amount of aggregated aSN at the end of the time courses shown in Fig. 2A ,C was quantified by spinning down the solution, running the supernatant on SDS/PAGE and densiometrically scanning the monomeric aSN band to calculate the amount of soluble aSN and from this value the amount of aggregated (insoluble) aSN. This value broadly followed the development in end-point ThT fluorescence (Fig. 2B ) although the amount of aggregated aSN never rose above ca. 80% and only declined by ca. 20% between 1 and 20 mM RL. For a given RL concentration, the rise in ThT signal closely followed the increase in the amount of aggregated material (data not shown).
It was not possible to assess directly to what extent and with what affinity aSN bound to RL, since free and bound aSN could not be separated by ultracentrifugation (unlike complexes between aSN and phospholipid vesicles). Furthermore, separation of soluble species by e.g. gel filtration would disturb the dynamic equilibrium between free and bound aSN and would in any case be complicated by the rapid onset of aggregation. Instead, to elucidate whether fixed stoichiometric ratios between aSN and RL were required to form these fibrils, we carried out aggregation studies between aSN and RL at different fixed concentrations of aSN (10-80 lM). Fixed stoichiometric ratios between aSN and RL should shift the maximal ThT signal to higher RL signals at higher aSN concentrations. However, this is not the case. We do get a satisfactory proportional (rather than just linear) correlation between [aSN] and end-point ThT level at 1.5 mM RL (well above the cmc, data not shown) which indicates that the same proportion of aSN is being converted to aggregates (ca. 75%, see Fig. 2B ). However, there is no consistent shift in the peak position (the concentration of RL giving rise to the largest ThT signal). We conclude that once RL micelles have formed, they represent a binding reservoir which is able to take up all available aSN and convert it to fibrils and that there is no limiting stoichiometry for aSN binding.
Stopped-flow kinetics was used to monitor aggregation kinetics at the ms-second time-scale. Remarkably, no lag-phase could be detected on this time scale (Fig. 2D) ; a rapid rise in both ThT fluorescence and turbidity (absorption at 360 nm) within the first 10 s was followed by a linear increase over the next 1000 s, consistent with the linear part of the fibrillation time course in Fig. 2A ,B. In contrast, ThT and RL mixed without aSN showed no changes over this time-scale (data not shown). Stopped-flow CD monitored at 215 nm failed to reveal significant changes in ellipticity within the first 10 s and only showed a linear development over longer time scales (data not shown). Thus, RL-assisted aggregation is a fast process involving a rapid initial step, presumably a rapid collapse without major changes in secondary structure, followed by steady structural consolidation.
RL induces aSN conversion from random coil to b-structure
To verify that the increase in ThT fluorescence was caused by aSN fibrillation, we determined the secondary structure of aSN in the presence of RL over time by far-UV CD (Fig. 3A) . Spectra recorded of aSN with RL over time showed a clear conversion from random coil (minimum at~204 nm) to b-structure (minimum at~215 nm). The distinct isodichroic point at 208 nm reveals a one-step conversion from random coil to b-structure without intermediates. The change in CD at 215 nm over time follows a linear increase followed by a plateau. This neatly matches that of ThT (Fig. 3B) , confirming that both techniques are monitoring the same (single-step) conversion process. The secondary structure of these aggregates was very similar to the worm-like fibrils we previously observed in 0.8 mM SDS [31] (Fig. 3C) , and we did not see any significant difference in secondary structure composition between the two fibril types (data not shown). SDS/PAGE did not reveal formation of SDS-resistant multimers (Fig. 3D) ; rather, the RL-induced fibrils rapidly (<1 min) converted to a-helical structures when 10 mM SDS was added (Fig. 3C) , indicating that the RL-stabilized aggregates were sensitive to micellar amounts of denaturing anionic detergents. RL induces rapid formation of worm-like fibrillar structures which transform to straight fibrils over days aSN fibrils can have different morphology depending on fibrillation conditions [39, 40] . The morphology of RL-induced aSN fibrils was therefore investigated by transmission electron microscopy (TEM) using samples incubated for 4 h, sufficient to reach a ThT end plateau level (Fig. 2) . Transmission electron microscopy of aSN samples incubated for 4 h at 37°C without RL revealed no fibrils but only condensed and amorphous protein aggregates (Fig. 4) , consistent with the lack of ThT signals. At sub-cmc [RL] (0.0625 mM), TEM images showed slightly more compact structures/ aggregates but no fibrils. At 0.125 mM RL, exposure leads to a small but significant increase in ThT fluorescence, gives rise to small and short worm-like structures. These worm-like structures increase in size in 0.5-2 mM RL. Similar structures are observed when aSN fibrillation is induced by anionic SDS below the cmc [31] . A critical difference is that micellar SDS maintains aSN in an a-helical conformation and abolishes aggregation [31] , whereas RL leads to fibrils at concentrations well above the cmc. Agitation has previously been shown to convert SDSinduced worm-like structures of aSN into straight fibrils [31] . We investigated whether this was also the case for RL-induced aSN aggregates. After 4 h of incubation with 0.0625-2 mM RL (enough to reach ThT plateau), samples were incubated for 1 week at 37°C with or without agitation and analyzed by TEM (Fig. 5 ) Without RL and without agitation, only small condensed protein aggregates were observed after 1 week. At 0.0625 mM RL, slightly more compact structures/aggregates were observed, but these were essentially unchanged compared to the 4 h sample; i.e. sub-cmc RL does not induce aSN fibril structure even over long times scales. 0.125-0.5 mM RL led to many worm-like structures (as after 4 h), but also some straight fibrils. Without agitation, RL therefore rapidly leads to wormlike fibrillar structures and over a longer time scale also linear fibrils. 2 mM RL leads to mainly large condensed structures consisting of worm-like structures, as well as some straight fibrils. Agitation of aSN over one week significantly affected aSN TEM morphology (Fig. 5) . Without RL, only linear fibrils were observed. Some linear fibrils were also observed with agitation at all [RL], though in most cases interspersed with the original worm-like structures. In general more linear fibrils were present in agitated samples than quiescent samples, indicating that agitation promotes a transition from wormlike fibrillary structures to straight fibrils, possibly via dissociation of aSN monomers (or involvement of small amounts of residual unaggregated aSN) which can then refibrillate as conventional fibrils in the absence of free RL micelles. These structural changes were not accompanied by a significant change in ThT fluorescence (data not shown), either because there was only a fraction of the aggregate population underwent conversion or because the change in fibril morphology did not significantly alter ThT binding properties.
RL induced fibrils cannot seed fibrillation without RL
In classic fibrillation, the lag phase can be bypassed by adding preformed fibril seeds, which provide a template for rapid incorporation of monomers into the growing fibril [41] . We investigated if the RL-induced aSN aggregates could seed fibril growth (Fig. 6) . We found that RL-induced aSN aggregates formed after 4 h did not induce further fibrillation when RL was diluted to 25 lM, i.e. below the cmc; 25 lM RL did not induce fibrillation of monomeric aSN either. In contrast, aSN fibrils produced without RL led to the expected abolition of the lag phase, and this process was not markedly affected by 25 lM RL. This indicates that the linear elongation shown in the presence of RL requires RL to be present as micelles and presumably to be directly incorporated into the structure, rather than simply providing a template for a pure protein-based elongation. We were not able to see any seeding effects for RL fibrils incubated over 1 week with or without agitation despite the presence of linear fibrils (data not shown). This may either be due to low concentration of linear fibrils or the need for RL to be integrated into the structures of these fibrils.
aSN/RL complex below the cmc permeabilize lipid vesicles
Rhamnolipid can lyse and induce necrosis of neutrophils [42] and aSN oligomers have also been shown to permeabilize lipid vesicles and induce neural cell death [43] . This prompted us to address whether complexes between RL and aSN would show activity of biological relevance. As model system we used the calcein release assay, where vesicle perturbation releases encapsulated calcein and increases fluorescence. Sub-cmc RL alone did not permeabilize lipid vesicles. However, higher [RL] steadily led to increasing vesicle permeabilization of lipid vesicles and at~0.1 mM RL complete permeabilization was observed (Fig. 7) , indicating that micellar RL (like most surfactants) can lyse vesicles. aSN alone leads tõ 25% calcein release due to membrane binding, but incubation of aSN with increasing [RL] achieves vesicle permeabilization at much lower [RL] than without aSN (Fig. 7) . This indicates that interactions between RL and aSN at very low and in vivo relevant concentrations can permeabilize membranes.
The role of aSN-RL interactions in bacterial biofilm
The production of RL by P. aeruginosa is quorum-sensing regulated and restricted to high cell density conditions such as biofilm [9] . We investigated the effect of aSN on viability and biofilm formation by P. aeruginosa. We used a wild-type P. aeruginosa strain (which naturally produces RL at a concentration of around 0.1 mgÁmL À1 , i.e.~150 lM) as well as an rhlA mutant (which does not produce any RL) [10] . aSN did not inhibit planktonic growth of either wt or the rhlA mutant (data not shown). Subsequently, we measured the ability of the wild-type and rhlA strain to form biofilm in the presence of different amounts of exogenously added aSN, quantifying biofilm formation with a crystal violet assay. aSN did not significantly reduce biofilm formation of the wild-type strain over a 0. ) reduced biofilm formation by around 30%, after which it remained constant (Fig. 8) .
Discussion
Similarities and differences between SDS-and RL-promoted aSN fibrillation
We have shown that the biosurfactant RL without agitation at physiological temperatures induces rapid formation of aSN fibril-like structures. In this behavior it shows both similarities to, and differences from, the synthetic anionic surfactant SDS. Although both surfactants markedly accelerate aSN fibrillation over a certain concentration range compared to surfactantfree fibrillation, they do this in different ways. SDS only stimulates aSN aggregation below its cmc [31] while RL only induces fibrillation above the cmc, i.e. at concentrations where free micelles are present. SDS likely works below the cmc due to its strong binding to protein surfaces, allowing SDS molecules to assemble and form a shared micelle upon association of several aSN molecules [31] . While pyrene data shows interaction between aSN and monomeric RL, this does not induce aSN fibrillation. RL is known to bind more weakly to proteins than SDS [17, 44] , so a preformed micelle surface may be required to allow several aSN molecules to assemble on the micelle surface. In both cases, wormlike complexes as opposed to straight fibrils are formed, but with RL aggregation commences immediately and reaches a plateau within 10-50 min, while SDS-based aggregation has a lagtime of~45 min [31] . Preformed RL micelles may thus kick-start fibrillation more efficiently than slow conformational arrangements of SDS clusters on individual aSN chains. Nevertheless, the overall fibril structure is likely similar. Based on SAXS data, we have proposed that the flexibility of the SDS-induced fibrils stems from a bead-on-a-string type structure, in which beads of aSN are connected via bridging b-sheet domains [31] . The similarity of the RL-and SDS-induced fibrils' secondary structure suggests a similarly flexible arrangement for the RL fibrils.
Our results nicely complement Galvagnion et al. [45] who demonstrate that negatively charged phosphatidylserine (DMPS) vesicles can promote aSN fibrillation. This acceleration effect increased with increasing [DMPS]:[aSN] ratios up to 10 : 1, after which it declined steeply, consistent with depletion of available aSN monomers by immobilization on (separate) DMPS vesicles [45] . We observe a similar decline in fibrillation rates beyond the cmc which we attribute to the same depletion effect. A lag phase was observed when aSN aggregated in the presence of DMPS but the shorter lipid DLPS completely abolished this lag phase [46] , possibly because its shorter chain length increased lipid mobility and made interactions with aSN more dynamic, just as we see for the surfactant RL. Fibrillation in their case required the NaCl concentration to be restricted to 50 mM, likely because higher concentrations reduce electrostatic interactions below a threshold value. In contrast, RL facilitates fibrillation at physiological (~150 mM) salt concentrations. We attribute this to the dynamic and flexible nature of the micelle which can optimize interactions with aSN, e.g. providing hydrophobic interactions to compensate for reductions in electrostatic interactions.
Worm-like fibrils: on-or off-pathway?
Over time, RL leads to the formation of linear aSN fibrils, even without agitation, though these linear fibrils do not become the dominant population. Formation of linear fibrils may occur in two ways: The worm-like complex could internally rearrange to more stable linear fibrils (perhaps driven by the high local concentration of aSN in these aggregates). Alternatively, RL could seed the formation of 'proper' linear fibrils in a parallel slow pathway; these fibrils grow through incorporation of monomeric aSN be accessible in equilibrium with aggregated aSN and which in this way gradually deplete the reservoir of worm-like aSN aggregates. In the first scenario, the wormlike complex may thus be considered an intermediate on the pathway to stable fibrils, in which RL functions as an initiator of the aggregation process. We favor the first scenario since it predicts a lag phase in the formation of linear fibrils and indeed these fibrils only start to appear after about 1 week. However, we emphasize that it is difficult to distinguish the two scenarios since our EM data are not quantitative and both models predict gradual accumulation of linear fibrils over time. Nevertheless, it remains undisputable that RL promotes aSN aggregation.
Biological relevance of RL-induced fibrillation
The significance of aSN-RL interactions may be viewed both from a bacterial and a human host perspective. For the bacterium, aSN is a host protein that can provide an external protein/amino acid source through uptake, degradation and synthesis of endogenous proteins. We have previously shown that RL in combination with both bacterial and human proteases can promote proteolytic degradation of human lysozyme [47] . Furthermore, aggregates of aSN induced by RL could conceivably by themselves be incorporated into the biofilm matrix, which is known to be strengthened by functional amyloid [48] , although the worm-like structures formed by RLinduced aSN aggregates may not impart the same mechanical strength as RL-free aSN fibrils. From the human host perspective, aSN is not known to be involved in any defensive mechanisms against bacteria. However, the inability of the RLinduced aSN fibrils to catalyze formation of RL-free aSN fibrils could conceivably offer host benefits by sequestering aSN monomers that might otherwise be mobilized to form transmissible fibrils.
How likely are these aSN-RL interactions to occur? aSN may be exposed to RL in the gastrointestinal tract at early stages of Parkinson's Disease, which are marked by disruptions of the microbiota and could involve colonization by PA.
[RL] as high as 0.15 mM have been reported in PA [10] which is in the range that stimulates aSN aggregation in vitro, though the complex composition of the microbiome environment will obviously affect this. It is also noteworthy that RL exacerbates aSN's ability to perturb membranes. Although aSN does not adversely affect growth of planktonic Pseudomonas, we made the surprising observation that exogenously added aSN slightly reduced the amount of formed biofilm unless RL was present. We therefore speculate that RL may serve as a useful protectant against aSN, immobilizing it as large aggregates which are less toxic. Clearly this attractive feature has to outweigh the potential threat of forming membrane-permeabilizing complexes at low [RL] . In any case PA is inherently resistant to cell-lysis by RL, since it uses RL to promote both biofilm initiation and subsequent migratory behavior [10] , It is very likely that this, together with the rapid aggregation of aSN in the presence of RL to large and seeding-incompetent aggregates, minimizes the potentially membrane-disruptive features of aSN:RL complexes. Further investigations may establish if mobile aSN:RL complexes are toxic to neurons. Such an observation would clearly add a new aspect to PD etiology [10] 
